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1 Introduction

During RAN1 #80bis meeting, some agreements and conclusions were as following [1].
· A set of DL and UL narrow-band(s) are known to UE

· Definition of narrow-band(s) is specified in the spec

· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs

· One narrow-band size is 6PRB

· FFS on other narrow-band size(s)

· PRBs in a narrow-band are aligned with legacy PRB mapping

· Frequency hopping over the system bandwidth is not used for at least

· PSS/SSS

· PBCH

· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)

· Hopping pattern between narrow-bands is supported

· FFS on details of hopping pattern
Below is the agreements during RAN1 #81 meeting [2].
· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands

· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW

· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

In this contribution, considerations on narrowband definition, DC and frequency hopping are discussed for Rel-13 low complexity UEs in normal and enhanced coverage. Note that M-PDCCH and EPDCCH have the same meaning in this contribution.
2 Narrowband definition
The RF bandwidth of Rel-13 low complexity UEs is 1.4MHz. In order to support Rel-13 low complexity UEs to operate in system bandwidth larger than 1.4MHz, there is a need to divide the system bandwidth into multiple narrowbands.  Based on the Narrowband definition, eNB can configure the specific Narrowband for SIB1, PRACH, M-PDCCH and other control-less physical channels. 
2.1 Narrowband definition for FDD

2.1.1 Downlink
During previous meetings, the following three alternatives for downlink narrowband definition were proposed.
Alt 1: 6PRB narrowband is defined starting from the lowest PRB index toward highest PRB index
Alt 2: 6PRB narrowband is defined starting from edge of system bandwidth towards center 

Alt 3: 6PRB narrowband is defined starting from center towards edge of system bandwidth, and the central narrowband have 5 PRBs for odd system bandwidth 

Downlink resource allocation Type 0 and Type 1 are based on RBG. If the definition of narrowband is not aligned with RBG, it would cause scheduling limitation to legacy UEs due to some RBG fragments within the system bandwidth. Especially for enhanced coverage, UEs are often scheduled to occupy the whole narrowband, and the PDSCH are repeated in multiple subframes. It would cause serious impacts on the scheduling of legacy UEs due to the RBG fragments. Therefore, Narrowband definition should be aligned with RBG in order to avoid the RBG fragments. Narrowband definitions for RBG size equal to 2 and 3 are demonstrated in Figure 1. The PRBs marked in red are RBG fragments caused by unaligned narrowband definition.
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Figure 1 Narrowband definitions for RBG size= 2 and 3
For system bandwidth with RBG size equal to 4, it is impossible to align two ends of narrowband to RBG. But if one end of narrowband is aligned with RBG as shown in Figure 2, the number of RBG fragments can be reduced by configuring the adjacent narrowbands as available narrowbands for MTC UEs.
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Figure 2 Narrowband definitions for RBG size= 4
For system bandwidth with RBG size = 2 or 3,  if Alt 1 is applied, two ends of all narrowbands can align with the RBG as shown in Figure 1 and 2; but there are always some narrowbands cannot align with the RBGs for Alt 2 and Alt 3. For system bandwidth with RBG size = 4, if Alt 1 is applied, one end of all narrowbands can align with the RBGs; but for Alt 2 (except for 20MHz system bandwidth) and Alt 3, some narrowbands cannot meet the one end alignment requirement.
Compared with Alt 3, the number of narrowbands with 6PRBs size would be more for Alt 1 and Alt 2.  In addition, the remaining PRBs not belong to any narrowband are concentrated for Alt 1.Therfore, Alt 1 is preferable.
Figure 3 shows the narrowband definition for Alt. 1 in 10MHz system bandwidth, in which RBG size is 3, and the last RBG size is 2.
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Figure 3

Whether or not to define a new narrowband for the remaining PRBs outside the 6PRB narrowbands would depend on the tradeoff of resource allocation overhead and the capacity of MTC service. Taking Figure 3a as an example, if the last 2 PRBs are defined as a narrowband, one more bit resource allocation overhead is needed.
Proposal 1: For downlink of FDD, 6PRB narrowband is defined starting from the lowest PRB index toward highest PRB index.
2.1.2 Uplink
During RAN1 #81 meeting,  “FFS if an offset is allowed for aligning uplink narrowbands with legacy PUCCH and/or PRACH” was still an open issue.
If an offset is configured for aligning uplink narrowbands with legacy PUCCH and/or PRACH, and 6PRB narrowband can be defined starting from the offset towards center as in Figure 4, all PRBs in the narrowband can be used by MTC UE, and all narrowbands can be used for frequency hopping in enhanced coverage.

[image: image4.emf]offset offset Narrowband

Narrowband Narrowband Narrowband

...


Figure 4
Proposal 2: For uplink of FDD, an offset is allowed for aligning uplink narrowbands with legacy PUCCH and/or PRACH, and 6PRB narrowband can be defined starting from the offset towards center.
2.2 Narrowband definition for TDD

During RAN1 #81 meeting, there had the following agreements related to the narrowband definition for TDD. 
· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD

For TDD, it is agreed that the same set of narrowbands are specified for both DL and UL to avoid additional retuning. If narrowbands for TDD are defined as the method of downlink narrowband definition for FDD, some narrowbands may be occupied by legacy PUCCH and would be not suitable for frequency hopping for UEs in enhanced coverage. If narrowbands for TDD are defined as the method of uplink narrowband definition for FDD, since offset is indicated in MTC SIB1, MTC UEs cannot have the information of narrowband definition when they receive MTC SIB1 at the first time.  An additional narrowband definition method for MTC SIB1 may be needed. In addition, narrowbands for PUCCH, PRACH and M-PDCCH generally may be configured as dedicated narrowbands and PUSCH/PDSCH can be scheduled dynamically to acquire scheduling gain. Even same set of narrowbands are specified for both DL and UL, retuning cannot be avoided in many cases. 
Proposal 3: Same narrowband definition for both DL and UL for TDD should be reevaluated.
3 DC related issue
Direct conversion receiver has the merits of low cost, low power consumption and small size. When a bandwidth reduced UE with direct conversion receiver operates in the non-central narrowband, some DC subcarriers should be reserved in order to avoid DC offset errors. In addition, the reply LS from RAN4 have the following conclusion [3]: 
“RAN4 will assume that one subcarrier is punctured in the demodulation test.”
For the defined narrowband, DC should be in the center of narrowband and cannot collide with current CRS. Potential DC locations are demonstrated in Figure 5.Considering MTC UEs would not receive PDCCH, DC only locates in PDSCH region in time domain.
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Figure 5
Proposal 4: DC of downlink narrowband is located in the center of narrowband and located in the subcarrier not including CRS. 
· In time domain, DC only locates in the PDSCH area.

4 Frequency hopping patterns
During RAN1 #81 meeting, there are the following agreements related to hopping [2]:

· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels
4.1 General consideration
4.1.1 Downlink
Except for PSS/SSS and PBCH, frequency hopping of other downlink channels can reduce the repetition times. Two options are listed for downlink hopping.
· Option 1: common hopping pattern for MTC SIB1 and other downlink signals

Narrowbands for frequency hopping are predefined for this option. Since the actual MTC service requirement is dynamic, it is hard to accurately predefine the narrowbands. In addition, the common hopping pattern could only be based on the physical subframes instead of practical available subframes, thus the hopping gain would not be stable.
· Option 2: different hopping patterns for MTC SIB1 and other downlink signals

MTC SIB1 would be hopping in predefined narrowbands. The predefined narrowbands may be all available narrowbands within the system bandwidth. Such traversal way of frequency hopping is advantageous to the interference randomization. Narrowbands for frequency hopping for other signals can be indicated in MTC SIB1. When the number of MTC UEs in enhanced coverage is less, a small number of narrowbands can be configured for hopping. The resource utilization is more flexible compared with option 1.Therefore, option 2 is preferable.
Besides, except for MTC SIB1, it is unnecessary to use different hopping pattern for M-PDCCH and PDSCH. Because the hopping region cannot be overlapped for different hopping pattern, the hopping regions would be restricted, and M-PDCCH and PDSCH cannot be transmitted in the same narrowband
Proposal 5: In downlink, hopping pattern for MTC SIB1 is different from other downlink signals. Except for MTC SIB1, common hopping pattern is applied for M-PDCCH and PDSCH. 
4.1.2 Uplink
In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.  If common hopping pattern is used for PRACH and PUSCH, both channels cannot transmit correctly once collision of two channels occurs. Alternatively, if different hopping pattern is applied for PRACH and PUSCH, collision of two channels may only occur in some subframes and smaller impact is expected.
Proposal 6: In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively. 
4.2 Design of hopping pattern

4.2.1 MTC SIB1
For MTC SIB1, it is proposed to confirm the following working assumption:

· At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 
· Hopping granularity in time domain
Hopping granularity of MTC SIB1 is a predefined value. For example, MTC SIB1 would be hopping per radio frame.
· Hopping pattern in frequency domain

Narrowbands for frequency hopping and hopping pattern for MTC SIB1 are pre-defined. The hopping pattern for MTC SIB1 should be carefully considered based on the following principles:
· Hopping patterns in different cells can bring significant performance gain and the gain difference between different cells is small.
· For hopping pattern in different cells, the blocking probability should be as small as possible and approximately equal.
4.2.2 Other signals except SIB1
· Hopping granularity in time domain

Considering that UEs with different repetition levels may be multiplexed, a common value may be preferable.
For FDD, the hopping granularity could be equal to the lowest repetition times or half of it for PUSCH /PUCCH. For PRACH, it is more complicated because the available subframes are often discrete. The details for determining the hopping granularity are given in [4]. For common hopping pattern for multiple channels, such as for M-PDCCH and PDSCH, the hopping granularity can be the lowest repetition times of the channel with lowest repetition or half of it.
For TDD, in order to avoid unnecessary retuning, the hopping granularity should depend on the Uplink-downlink configuration. For example, the downlink hopping granularity can be equal to the number of consecutive downlink subframes, and the uplink hopping granularity can be equal to the number of consecutive uplink subframes.
· Hopping pattern in frequency domain

Hopping pattern in frequency domain can be mirroring pattern which is suitable for PUCCH, or hopping pattern with a fixed narrowband offset, or legacy PUSCH-like hopping pattern.
Proposal 7: For FDD,

· For PUSCH/PUCCH, the hopping granularity could be equal to the lowest repetition times or half of it. 
· For common hopping pattern for multiple channels, the hopping granularity can be the lowest repetition times of the channel with lowest repetition or half of it.
Proposal 8: For TDD, the hopping granularity should depend on the Uplink-downlink configuration.。
5 Conclusions
In this contribution, further considerations on Narrowband definition, DC and hopping are discussed for Rel-13 low complexity UEs in normal and enhanced coverage. We make the following proposals:
Proposal 1: For downlink of FDD, 6PRB narrowband is defined starting from the lowest PRB index toward highest PRB index.
Proposal 2: For uplink of FDD, an offset is allowed for aligning uplink narrowbands with legacy PUCCH and/or PRACH, and 6PRB narrowband can be defined starting from the offset towards center.

Proposal 3: Same narrowband definition for both DL and UL for TDD should be reevaluated.
Proposal 4: DC of downlink narrowband is located in the center of narrowband and located in the subcarrier not including CRS. 

· In time domain, DC only locates in the PDSCH area.

Proposal 5: In downlink, hopping pattern for MTC SIB1 is different from other downlink signals. Except for MTC SIB1, common hopping pattern is applied for M-PDCCH and PDSCH. 
Proposal 6: In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively. 
Proposal 7: For FDD,

· For PUSCH/PUCCH, the hopping granularity could be equal to the lowest repetition times or half of it. 
· For common hopping pattern for multiple channels, the hopping granularity can be the lowest repetition times of the channel with lowest repetition or half of it.
Proposal 8: For TDD, the hopping granularity should depend on the Uplink-downlink configuration.
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